X-ray diffraction analysis of the alloy system Co-Ni-Cr-Ta showed that the ternary alloy base consisted of three phases (a, ,8, and v- 
Experimental evidence obtained from metallographic examination (part III of this study) 2 showed phase changes that were interpreted to be a decrease in the concentration of the ,8 phase and an increase in the amounts of the C-phase. Direct evidence of these transformations, of the formation of the intermetallic compound a-Co3Ta, or
Based on a dissertation submitted in partial fulfillment of the PhD degree in dental materials and engineering materials at the University of Michigan, Ann Arbor, Mich. of the nature of the interface between the latter precipitate and the matrix was not obtained. The purpose of this paper was to furnish X-ray diffraction evidence to support or negate the aforementioned theoretical assumptions and to test the validity of the design for the Co-Ni-Cr-Ta alloy system.
Materials and Methods
When grinding a specimen is impractical because of hardness, there are two conditions that are necessary to obtain a truly representative X-ray diffraction pattern from an alloy: the diffraction specimen must be as-cast and it must be made from the same charge used for the tensile specimen. A thin foil3 obtained by grinding a thicker one, or a thin specimen prepared from a charge similar to that of the tensile specimen,4 does not satisfy these conditions. X-ray diffraction specimens for this study were prepared from the same investment block and from the same alloy charge used for the tensile specimen. X-ray diffraction specimens were prepared by connecting two nylon bristlesa to the tensile specimen threads and riser at the feed end of the bar, as shown in the illustration. This arrangement furnished two X-ray diffraction specimens, which were 0.020 inch in diameter and 0.75 to 1.0 inch long, for each tensile specimen prepared from each of the 15 alloys used in part II of this study. 5 The Debye-Scherrer powder method was used with a 114.6 mm diameter camera.
The choice of radiation is limited essentially by wavelength, as well as by the K absorption edge of the major elements in the alloy. 6 As indicated by the data in Table 3 . This compound is knowni°ll to precipitate coherent with the matrix phase a. The coherency of the precipitate should be credited for the high strength and ductility of the alloys presented in part II of this study. 5 The intensity of the reflections characteristic of a-Co3Ta (Table 6 ) increased with Ta concentration; this indicates an increase in the amounts of the precipitate.
In addition to a-Co3Ta, the incoherent intermetallic compound y-Co2Ta was detected in alloys that contained more than 15% Ta. The precipitation of y-Co2Ta may be due to the transformation of the precipitate from the coherent to the incoherent condition. This transformation relieves the system of coherency strains and hence lowers its energy. Naturally, the reduction in the energy of the system can be achieved by seems to be the mechanism through which oversaturation is avoided. INCREASING THE CONCENTRATIONS OF THE or PHASE.-The effect of increasing Ta concentration on the intensity of reflections characteristic of or phase ( Table 6 )-indicates that the amounts of a-formed in the alloy increase significantly only when Ta concentration constitutes more than 10% of the alloy. This indicates that the critical average electron hole number (Nk) of the alloy system is exceeded at that concentration of Ta. This reasoning also was supported by the metallographic examination evidence in part III of this study.2
Conclusions
The experimental evidence in this article suggests the following conclusions: The addition of Ta to the Co-Ni-Cr system restricts the field of the HCP phase and hence contributes to increasing the ductility of the alloy. Tantalum reacts with Co to form the intermetallic compound a-Co3Ta, which is the major strengthener in the alloys in this study. Excessive use of Ta contributes to the formation of harmful phases such as y-Co2Ta (Laves's compound) and the ar phase.
